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ABSTRACT 

Research investigated the utility of an alternative 
technique for the study of vigilance performance. The usual approach 
has been to study how well subjects responded to a signal of given 
difficulty; this technique altered the difficulty of the task to 
ensure a fixed level of performance, A computer-based, self-adjusting 
program presented background stimuli — a pair of dots U,25 inches 
apart displayed on a cathode ray tube — and special stimuli — a pair of 
dots with wider spacing. The amount by which the latter width 
exceeded 4.25 inches was raised if subjects failed to discriminate it 
and lowered as they succeeded, to maintain a fixed discrimination 
rate. Results indicated that the adaptive variable behaved in a 
manner consistent with the usual measures of vigilance 
decrement — i.e., that vigilance dropped sharply at first and then 
levelled off. Thus, increased widths for the special stimuli were 
required over time. It was concluded that this technique could be 
used as a research tool in vigilance studies and that it has 
practical applications for the training of human monitors of 
equipment in military, industrial, health and computer fields. 
(Author/PB) 
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Adaptive Measurement of Vigilance Decrement 

By E. L. Wiener 

UniverHity of Miami. P.O. Box 8'J!»4. Coral (!b»>1<'h. Kloriiia, ir.S.A. 

Thin \ia\H>T ih^HcriboH a compiiter-baMeci nmuhorinfi tank which h iiiJaptivr, cr s<»ir- 
a(I]iHtii;K. with the ni/r* (]f the nigna] Htimulus ^c<»ni]mml to n iixod nou'Si^ruU 
Htimiihw) t>6ing mediated by iho (ietoctioii scciro of thf subject, ho nx to iimiufnm « 
coiiHtant detection rait*. Data are prcaonted which indicat^i tiiat tii ord«T Xn 
maintain a fixed detorlion criterion t»ver a 48 iniii vigil, tho a(Juj)tivc varial»Io 
(separation distance of a pair of dotn {ire.'^ntod Hiniultanuously) h(^lmN>Ml iti a 
manner conaistont with the usual moanures of vigilance decruniL^it. S^'vorul 
adaptive atrategiH^ are dincuKsed. 

1. Introduction 

In the c)'*^8ical vigilance task, subjects are presented occasional signal.s, 
stimuli which are abnormal along some dinien.sion compared to a train of 
normal stimuli, or a blank display. The usual performance measure is whether 
the subjects respond to the signal or not, though reaction time is used by soi*;c 
experimenters and commissive errors (false alarms) may also be recorded. 
This paper suggests an alternative technique for the study of vigilance per- 
formance, particularly the familiar time decrement rcporteti by Mackworth 
(1950) and innumerable other authors. 

Adaptive, or self-adjusting, tasks are those in which some aspect o( the task, 
usually its difficulty level, is mediated by some measure of quality of task 
performance in such a way that as the subject masters the task to a i)re8et 
criterion the task is made more difficult. If his performance drojis below 
some specified lower limit, the task is made easier. Thus the task is essentially 
a closed-loop control system which is performajice-adjusted. In this study 
we havo followed essentially the logic advocated by Kelley (IfXiO), wherein 
adjustments in task difficulty are made so as to ensure a fixed level of system 
l>erformance: thus the measure of proficiency at any given- time is not the 
output of the system, but the difficulty level at which it is operating. 

Specifically in the vigilance task employed here the difficulty level of the 
task, or * adaptive variable ' to use Kelley's terminology, was tho extent to 
which the signal was larger than the background, or normal, stimulus. This 
was me<liated by the hit rate of the subject — as his detection performance 
increased beyond a preset upper limit the difference between the signal and the 
aon-signal was decreased, and a contrary adjustment was made wJien liis 
performance descended below the lower limit. The adaptive logic for making 
these adjustments will be described in detail shortly. If results using this 
t.<ichni(]iic were consistent with most monitoring studies, vigilance decrement 
would be observed as an increasing signal size, necessar}' to maintain a fixed 
detection rate, as the vigil progressed. Sucli a procedure could be employed 
manually, with an experimenter keeping track of the performance scores, 
adjusting the sixe of the next signal according to some set of decision rules, and 
recording the setting. Experimenter error under such a heavy workload 
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would seem very likely, especially il more than one sisbjeet were run simultan- 
eously. Kxi)criments using adaptive tcclini(iues have been made prac^ticul by 
the appearance of small, stored-program digital computers. 

At tliis point it may be worthwhile to review the differenee between vigilance 
tasks and traditional psychophysical methods, as the technique described above 
may sound' very much Ukp the up-and-down method of threshold determination 
(Kappaii^f 1909). The essential diflFeren(;e is in the efTect of time. In psy- 
chophysieal measuromeiit the subject is highly alert and ex])ectsthij presentation 
of a signal upon which he will pass judgement. In vigilance, the su})jeet 
awaits a signal which he may or may not detect when it is j^rcsentcd. B;:t 
in any psychophysical sense the signal is very much above threshold — that is, 
if he were alerted and were presented with a two-alternative, forced choice 
of signal and non -signal his discrimination would be correct every tiniv . 
Thus, in vigilance studies, the subject fails to detect a signal for reasons which 
authors of various theoretical jyersuasions would dispuU*, but certainly not 
because the signal is psychophysieally indistinguishable to an alerted operator. 

The adaptive technique as reported here must also not be confused with 
vigilance experiments^in which the signal strength (or effective threshold) Wiu? 
increased until the subject responded, as in the studies of Elliott (1057) and 
Adams (1950). These would more resemble the ' up ' portion of the up-and- 
down method. Signal magnitude in these ca.ses was mediat^ed only by the 
subject*8 failure to respond to the presently displayed signal, not his scored 
past performance. 

Since we believe this to be a first attempt to use adaptive t<jchniques in 
vigilance, and since as Kelley and others point out (see McGrath and Harris 
1971) that these techniques are still very much of an art and not a science, 
we will share with the reader some of our early, unsuccessful attempts, on the 
road to what we consider a successful self-adjusting task. 

2. Method 

2.1. Tke Basic Vigilance Task 

The entire experiment was run under the control of a Digital Equipment 
Corporation PDP-12 computer. This included the scheduling and timing of 
stimuli, signal and non-signal stimulus generation, and response recording and 
scoring, as well as adaptive adjustments. Subjects viewed a ()*5 by 9 in. 
cathode ray tube display located at the end of a table approximately 4 ft from 
their seated position at approximately 12 in. below eye level. Once every 
second a stimulus consisting of two dots appeared on the scope at mid-scope 
vertically but separated horizontally by 4*25 in. symmetrical about the 
centre of the scope. The dots were illuminated for the first 0*55 sec of each* 
sec. The signal was a presentation of two dots fi^lightly more separated hor- 
izontally. The adaptive variable was the width (W) or separation of these 
two signal dots. The two non-signal dots were alwfciys displayed in the same 
location. Thus the subject viewed a steady train of brief flashes of two 
horizontally separated dots, with an occasional presentation of tw<^ dots 
slightly further separated. The task resembles somewhat that used by Jerison 
and Pickett (1904). 

The horizontal position of the stimulus dots was determined by setting a 
digital value into a register. When a display instruction was encountered hi 
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the tiinii)^ loop, this value wns eonverted to anaio'* volt^jyr (i<»tt^nniniiig 
its actual position on tiie sco|k\ Tiie horizontal widt of the scope was 512 
points. The width of the signal will be expressed from this point on in terms 
of these points, with i in. equal to (U) points. The non-signal value of \V 
(4-25 in.) was 256. The reader familiar with (•om])uters of this type will be 
aeeustomed to expressing seope positions in oetai notation (the total scope 
width being 000 to 777 oetal), but for elarity and statistical analysis, all seope 
values in this paper are expressed in decimal. 

2.2. Si(jnat.Srhf(iuh 

The signal schedule was the same as that j)revioi3.sly used by the author 
(Wiener MMW), a 4H-nuii run with 32 signals randomly inserted during the run. 
with the restriction that eight signals occurred during each l2-min block, and 
no two signals occurred closer than 0.3 mii; apart. With these constraints, the 
inter -signal intervals were drawn from a random uniform distribution with a 
mean of 1.5 min. 



2.3. Initial Calibraiioii 

As this display had not been employed before, the author having |)revi()usly 
used a voltmeter display, initial calibration runs were j)erforme(l to Hnd a 
suitable signal value of W. With the non-signal W set at 25(», various larger 
values of W were tried until a satisfactory value was determined; this being 
310 (5'25 in.). This was considered aec^^ptable in the sense that it yielded 
mean detection rates under fixed, non-adai)tive 4S-mi;i runs which were 
consistent with previous work done by the author: a])proximately 80% in the 
first 12-min block, with rapid decreases to below 00% in the final block. The 
eignal/non-signal relationship could be describ(>d in terms of Weber's function, 

A/ 310-250 

= - , or 0*23 
/ 250 

2.4. Subjects 

Subjects were undergraduate students in elementary psychology classes. 
They were recruited by posted * signup ' sheets and were not screened, except to 
exclude anyone who bad previously served in the experiment. 

2.5. Ntm-Adaptive Procedure 

After initial calibration, a new grou]) of 21 subjects was nni under non- 
adaptive conditions to establish baseline? data, with the signal value of 310. 
Two subjects were run simultaneously in separate booths. Each had his own 
8co})e which was independently programmable!, though under non-adaptive 
conditions the stimuli displayed to the two subjects were identical throughout. 
Subjects were sea'^d in their booths, the comput^if started so tliat a train of 
non-signals was presented as tape-recorded instructions wer« read to the 
subjects. After the basic task was explained, six signals, appearing as every 
10th stimulus, were displayed. The experimenter asked each subject to point 
ovit %t least one signal to be sure that the instructions were understood and the 
signals were clearly discriminable. No problem occurred with this. At the 
end of thesfi signals further taped instnuitions (cautioned the subjects that the 
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signals would hv less frecfiient, and -vould ha irrcj^uljirly spac^cd dinin<^ th'/ actual 
run. Th(» .suhjccts had an ()])i)ortunity to ask questions (tlu^nt were seldom 
any) and tlic coniputer was haltCMl and restarted i'or the iji'«i:innin.u of the run. 
No knowledge of results was offered, other than the eonh'rniation during 
th(^ instru(;tion.s that the subject had correctly i)ointe(l out a signal to the 
experimenter. Siihjeets had their watches removed. Suhjeets responded by 
pressing a normally o[)en push-button switeh mounted in front of them on 
their table. They had 2-5 sees in which to respond, and could thus obset've 
up to two more non -signals before responding. Any response not preeedc^d 
within *2 i} wees by a signal was co\inted as a comnn'ssive i'lror. 

Adapdve Pruccdnre. 

The procedure for running adaptive subjects was identical to tiie non- 
ada])tive, except that one additional sentence in the instrnetions pointed out 
that the width of the signal pair of dots might vary, but would always l)e larger 
than the non-signal |)airs. 

2.7. Adaptivt Co7itrol 

In an experiment of this type a huge variety of adaptive schemes would be 
possible. First there is the (juestiou of how often to adapt.— before each 
sigMal, 01 each A' signals. Next there is the measure of performance to be used 
for determining the adaptation, and iinally, the logic, a set of decision rules, by 
winch the a(Jjustment is made to W as a function of the ])erformance measure. 
Guidelines for selecting the adaptive strategy are given by various authors 
(see Kelley and Kcrlley 11)70), but each task in novel, and oncisat alosstoeome 
u]) with ready answers on adaptive logic (McOrath and Harris 1 1)7 1 ), Therefore 
W(^ grojXMl our way through a series of adaptive strategies with pilot subjects 
until developing wliat we considered a satisfactory program. We now sJiall 
brieiiy des(;ribe four of the strat<»gios. 

T1)0 general routine followed in all programs is shown in the flowchart in 
l^'igure 1. Prior to tJu? presentation f)f each signal, the program tested whether 
it would be an * adaptive signal that is one on which an adjustment might 
be made. For example, in the final version every odd-numbered signal (except 
the iirst) was an adaptive signal. Depending on the subjects' immediatrC past 
performance an adjustment nnght be made on the value of W prior to the 
presentation of an odd-numbered signal. The next signal to appear would not 
be adaptive; it vt/ould be displayed at the same value of W as th(^ last. Recall 
that the two subjects* displays were inde])endent; each might have a different 
value of ]\\ beginning with the first adaptive signal. 

Thiifs, as the fh/wchart illustrators, prior to the time the next signal in the 
s(rh(MluU^ is to be delivered, the program first determines whether it is a signal 
on which an adjust ment might be made. If not, the entire adaptive process is 
bypassed. If it is an a(laj)tive signal, the program thm tests whether or not 
an adjustnutnt is warranted by each subject's score, and jf so, the adjustment 
is nuule in si^^nal magnitude (W) before th(» signal is diiiplayed. 

One further check was j>orforme<l t<i be sure that the limits of tlie scope and 
the task were not exceeded. If adaptation to a larger W (easier task) were 
called for, a check was made that W would not exceed the scope limits. If the 
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Flow chart of portion of computer program for ndaptivo adjiwtmont of aignal sizo. 
The low or portion in repeated for Subject 2. 

Hubject were performing so badly as to be at the outer limit, W m\\\A\ remained 
at that value until his score improved to the i)oint where an iuwartl adjustment 
was ret|uirtHi. Similarly, a check was made on the lower limit, so that the 
signal W could not become reduced to a level that was not at least four jmints 
larger than the nou-signal H^ Having passed ali of these tests, adaptaiii)n 
by an amount A being added to» in the case of low performance, or being 
8ubtract<^d from, in the case of a high score, the previous value of W, This 
value signal was then displayed. 

2.8. The. Adiiplive Strategies 

Tlie first program, ADAPT-l, was a fast-adapting system. Prior to each 
odd-n\mibered signal (except the first), the score on the previous two was noted. 
If the subject had scored two detections, W was (decreased (usually five j)oints), 
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and if no deteetioiis, If was increased the same amount. For a score of one 
out of two detections, tliere was no change in U'. Aeronlin*^ to Kelley, tiiis 
would result in an oscillating value of IK, with hit rates stabilized near oO^^,. 
In practice, it worked very poorly, with very low detection rates, resulting in 
continual increases in IF, but failure to bring the hit rate up. We believe this 
strategy scored too small a saniple of past pBrforniance. 

In ADAPT-2 we attempted to take a larger sample on which to base the 
performance measure, and to adjust with a A whicl^ varied with the 
score. This time the adaptive signal followed each four signals (number 5, 1), 
etc.), tlic score being the number of signals detected out of the ]>rcvious four. 
For detection scores of 4 out of 4, W decreased ; for 3, remained tlie same: for 
2, 1 and 0, increased by various amounts, with a rather sizable increase for 
0 liits. This program was also quite unsuccessful, causing severe oscillations, 
tlu)Ugh an improved control of the hit rate. The basic problem with this 
scheme was that adaptation was too slow, witl) only seven opportuniticss for 
adjustments. The use of a variety of values of A related to the score, rather 
than just a single plus-and-minus value, still has some allure, and may be 
investigated later, but at this point we abandoned the procedure. 

Al)APT-3 was designed to utilize the entire detection history as a performance 
measure, in hopes of locking in on a predetermined detection rate. Again the 
adaptive signal was every odd one, and the score was the total perecntago of 
signals detected to date. A register counted the number of signals delivered to 
(lr,t<j, and a register for each subject counted his number of hits. Before each 
a(lai)tive signal, the ratio was computed, and W was decreased if the ratio 
exceeded the upper limit (75%); if the ratio equaled or was less than the lower 
limit (70%), W was increased. Otherwise no adjustment was made. 

Tliis program was very nearly satisfactory, in that there was no large 
oscillations in W, but it contained one defect. - In some cases subjects might 
liavo a run of missed signals, and soon develop ratios that were so low there was 
no possible recovery during the run. W continued to increase, and in many 
eases subjects responded to the signals, but could not pull their scores above 
tlie 75% upper adjustment threshold, so W remained stationary or continued 
downward, even in the face of high recent Hcores. We might mention in 
parsing that though ADAPT-3 was considered unsatisfactory as an experimental 
program even its flaw represents a class of real-world adaptive systems: those 
with long lags in which an operator gets off to a bad start, and in spite of 
adjustive niechanisms which cause his performance to improve, can never 
recover. The author is struck by the parallel to the engineering student who 
does ])Oorly in difficult courses early in his career, finds liimself with an un- 
satisfactory grade point average and threat of suspension^ and then makes an 
adaptive adjiistnient by taking easier courses to ' pull his average uj) *. But 
otten he is so far down by the time he adapts that the best he can do is ai)proaeh 
a satisfactory average asymptotically from below. There are probably many 
other adaptive systems which contain this quirk. 

ADAPT-4 modified the previous program by evaluating only the last eight 
signals. The first eight were scored as in ADAPT-3j but after the eighth 
signal, the score was measured by looking at the hit ratio only of the last eight 
presented. Thus all earlier performance was expunged and the subject's 
mastery was determined from a recent history of performance, overcoming the 



1 



Adaptive Measuremmt of Vigilmc(\ Dccrcm^^.nt 



previoiKH defect. Since the same limits were used, W increased if fewer than 
six out of the last eight signals were detected, and decreased if scvcmi or eight 
were detected, with no change in the case of six detections. Again the a(laj)tive 
signal was every odd one, and A was qi^. A group of 13 subjects was r\in 
under this strategy. 

3. Results 

3.1. N on- Adaptive Performance. 

The non-adaptivw or fixed W group represents a typical vigilaneo ta.sk. 
The data recorded were detections, expressed in Figure - in terms of [)en:iMitages, 
ami commissive errors, recorded by 12-min blocks. This figure displays what 
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Figure 2. Porcont Hignals detectod by noii. adaptive and adaptive groups. 

is generally regarded us the typical vigilance decrement function, with the 
most rapid drop in detection rate occurring early in the vigil. Statistical 
analysis of these data seems unnecessary. The number of commissive errors 
by time blocks is shown in Table 1. As the author has written before 
(Wiener 1007), the distribution of conimissive errors by subjects is highly 
positively skewed, with most subjects making few such errors, and a small 
number of subjects contributing heavily to the total. There remains the 
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iiiU;rc'sting (luestion of whetlier the subjects who made lavgo nnnibcrs of com- 
missive errors liave high detection rates: that is, do tliey simjily have a rehixed 
criterion for responding which ailows them to detect more signals at the cost 
of more false alarms, as statistical decision theory predicts. 'I'o examine this, 
We have computed the median number of commissive errors per subject (15) 
and the median number of hits per subject ^^'^d tallied the frecpiency of 
subjects whose total places them above or below each median, casting these 
Irecpiencies into a 2-by-2 contingency table (Table 2). A test for row 
and column independence yields a value, corrected for continuity, of 0-4. 

Table 2. KriTquoncy count of HubjootR above iviui below tho median on (lrU»c'tioiifl iUu\ roniinisHivo 

orrorH. Fixt^ci W group 



DotortionH 
No.<Mii. Xo.>Mrt. 



Commiftsivo 
Krrors 
No.^^Md. 
No.>Md. 



Md. Detortionrt----19- 

M<l. Conimirtsivo errors— 15 

X* 0-41 

which is non-signilieant. indeed, tlie table indieatA»s that a preponderance 
of those with high false alarm scores had low detection scores, and vice viTsa. 
Another median test was performed on commissive errors across time blocks, 
by tallying the number of subjects in each time block above and below or 
(Miual to the cell (subjeet-by -block) median, which was two. This analysis 
resulted in a - ^ ^^ith df=3, a non-significant value. This median 

test is also summarized in Table 1. 

3.2. Adaptive. Parforwance 

The performance of the adaptive groui), expressed in terms of mean, the 
width of the signal atinnilus, is displayed in Figure 3. The detection rate is 
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Figure 3. The iiduptiv*' varinblo W, the width of tJfir soparatiou Ix^tvvoen the two signal Mtiniiilus 
dotH, pluttod a^ainHt mgnalH. W is expressed in oscilloscope points, with 00 points uqual 
to one inch. 
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slunvn in Fi^ruro 2, indicatin?^ the system outpiit (percent detected) was held 
at a very constant level. 'J'he curve di.sj)layed 'ui Fi<{ure 3 is clearly typical of 
vigihince fin actions. In fact it looks rather sin)ilar to that of J orison and Wall is 
(1^57) V/ho ])lotted Hi<^nal-by-si<i;nal detection rates instead of the usual block 
means. Near the end of the vi^jjil» irrc^aehed a maxirnu/n valu(W)f ,sr>0 (5-85 in.), 
yieldinjj; a A// / of (:<5() ~ •2r)0)/2r)() = (MH. Therefore this value, the increase in W 
necessary to hold a constant system output in ti>rms of percent detection rate, 
represents a novel view of vigilance decrement. It is interesting that the 
figure even shows a slight upswing (reduction of W) at the end, which is a 
familiar finding in vigilance literature, for reasons unknown. This phenomenon 
has often been carelessly referred to as an ' end spurt ' eflfect, witliout sufHcient 
empirical sHpi)ort, in view of the fact that subjects usually have their watches 
rcnu)ved and generally underestimate the time they have been on watch. 

'J'hc number of coninnssivo errors by time blocks is shown in Table 1, and a 
n)edian test resulted in a non-significajit x"- Also a 2-by-2 table was formed 
by counting the number of subjects above and below (or ecjuai to) the 
median of commissive error.-* (10) and the median number of detections (21). 
Of the 13 subjects, three each were tallied in three of the cells and four were 
in one c.^11. Obviously detections and false alarms arc not correlated in this 
group either. 

To test whether this apparent decrement was statistically significant, the 
value of W for each subject (row) was ranked from 1 to 1") (the first value, 
\V = in(), at signal No. 2 v/as not used, as it was not a random variable, but a 
fixed starting point). Then the sum of the ranks for each column was computed. 
Under the null hypothesis that the jnean value of IF did not change over 
columns (adaptive signals; in eflFcct, time), the column lank sums should bo 
stochastically equal. Tliis hypothesis was tested by Friedman's of the ranks 
test, with a computed value of 54'5, significant at the O-OOl level with rff=14. 
A median test of the same hypothesis was performed. The grand median for 
all values of W was found to be 32H, and the number of values of W above and 
below was computed and cast into a 2-bv-ir) contingency table. A x^of 3/)'6 
was coni])ut<Kl, with 14 degrees of freedom, significant at the U'002 level. 



4. Discussion 

This study rcj)ort8 a novel methodology for nieasuring vigihuiee decreniejit, 
seen as an increasing level of signal intensity or magnitude necessary to guarantee 
a stationary detection rate. This is in distinction to the usual dependent 
f varial)le whi^ shows decreasing detection rates for signals of equal dimensions. 
We believe that adaptive technicjues have high promise as research tools in 
vigilance work, especially in tho.s(5 situations, such as transfer designs, where 
the experimenter may wish to run various conditions in which subjects may 
have difTcrent performance levels, but a similar exposure to detected signals. 

There may be practical applications of these techniques as well, in those 
inchiatrial, military or perhaps health settings in which monitors can be trained 
to some preset criterion by adjusting the parameters of a signal. This would 
particularly be feasible in elaborate systems, such as power plants or air-defenee 
i))ataIIation8, where computer-driven displays are monitored, and false signals of 
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known chamrtoristic^s can he inserted. Tlu» ])urp{)sc» o!" surlj insortionH would 
1)0 irainin«j( tlio watchkeoiKT, keeping liLs alcTtiioss at a liiirli Icvol by ^jU^vatin^ 
tlie apparent signal rate, or providing a running clu'rk on liis prrforiuaneo 
(monitoring the monitor). 

To be sure, the adaptive program oniployod hew might be improved upon. 
The signal detection rate, while extremely stable and within the preset limits, 
tended to be near the lower limit, slightly above the level of five out of eight 
signals deteetecl. This may be eorreeted by soine fine tuning of the program 
parameters: probably changing the values of A by. using a larger value for i 
increasing W than for (leereasing, as suggested by Kclley and Kelley (1070). 
Another avenue whieh wo have not exj)lored in these? .strategies, but whicli we 
tliink might have high potential for adaptive control of vigilance tasks, would 
bo to include commissive errors in the scoring criterion. In one such strategy, 
a composite score could be formed from a weighted sum of detcetions and false 
alarms. The weights, ideally, wouh.- be based on a utility analysis of the costs 
to the system of the two types of errors. 

Alternatively, adaptive adjustment could hinge on either of the two criteria 
independently, with adjustment in IV being ordered if cither m(;asurc is out 
of limits. For example, the ADAPT-4 program, could liave an additional 
check to adapt outward if the number of commissive errors exceeded a certain 
value. Most reasonably, though not necessary, this would be an asymmetric / 
limit test, adapting only in the case of high error rates, since a lower limit at ^ 
or near zero would be expected. 

This suggests the intriguing po.ssibility of a conflict in adaptive criteria; 
i.e., a high detection rate and high fals(^ Alarm rate, which would prompt 
opposing adaptive commands. This is exactly what the theory of signal 
detection suggests: that some subjects set a very loose criterion for responding, 
thus obtaining high hit rates at the cost of high false alarm rates. Though the 
author is not inclined toward such an interpretation of vigihmce results, as 
the data from both this and previous experiments indicate that this is simply 
not the case, an instance of this sort would have to be covered in the adaptive 
decision rules. 

Until now the author has carefully avoided using tho term * ada])tivc training \ 
which is often erroneously interchanged with adaptive measurement, when no 
training is involved. But the author's past studies of training for vigilance 
(Wiener 1907, li)(i8, Attwood and Wiener n)69) and tlic apparent success of ^ 
adaptive measurement as reported here, crbnvincc him that adaptive methods 
could be used in transfer of training designs to enhance vigilance performance. 
With the proper inanagement of training A'ariablcs, subjects may be trained to 
maintain a constant W throughout a vigil, or even decrease the W requisite to 
insuring a preset detection rate. We intend to investigate this shortly. 

Finally, a word of caution may be needed. Vigilance tasks arc altogether 
different from tracking tasks, where adaptive techniques have achieved their 
most consi)ic(iouK success. In vigilance, responses are discrete, spaced far 
apart, and a time lag exists between the last response to be scored and the 
delivery of tho next adaptive signal. Thus there is a considerable ' phase lag ' 
l)etween past performance, however scored, and the next adjusted sti»'aulus. 
Furthermore, there are few opportunities for adaptive adjustment during a run, 
as most experimenters choose to keep their signal rate low. Therefore, while 
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iulaptive teohui<|ues arc attractive for vi<^ilance i-oscareh, they must be em ployed 
with a fiUi- moasurc of cati^ioii aiid scopticisni. The highly alert subject will 
oonti!..^4C to detect si^^nals until they are adjusted downward U) iieeniijig psyeho- 
physical lirriits, if not the limits of resolution of the apparatus; and likewise, 
drowsy, inattentive, or poorly motivated subjects will overlook signals which 
have be(Mi adjusted to a level of con.sjjieiiity that no operator should be able to 
miss, in short, the ai^thor recommends furtlier research in .self-adjusting 
vigilance tasks, but with the caveat that exp(^rimcntal results may be far 
from perfect. Investigators who possess a highly (ievclo])ed servo- mechanistic 
view of the world are likely to be disappointed in their data. 

This irivoHtij^atiou wan suppori »>(! liy l\H..s. Ki';<rurch (J rant NiK KOI OH 0(}34r>, from thn 
National InM.itiitn for Oc.cupat i»>niil »SaF(^tv ami Honlth. Thv author ^'ratrfulty urUnnwlndgon the 
aHaiKtanoo of Larry K^oUir. Anin' ManHicslor, \ihru ScliwabtT, Km nrddnnr, and tho HtatT of the 
UeiiATtmvnt of Lftboratorio.s of tl»<> School of Kri^^'tMocrin^, I niwrsicy of Miami. 

Col nrlicio drci'lt nno Insdii* dt* survoillanco ^i'*iv(» jun* i»n oriiinaiour t-l <|ni ost adiiptativo, 
r'csl'ii-diro auto<i:jii.stabl(' (Jan.s .sons r|uo la diinonsiun dii st inudus-.signal ((ni roniparaison nwc 
nil .slitnvilu.s ordinal ro con.shint) vai;io on foiitMion dii taiix <ln doKiction.s (hi snjot. on innintonant 
fi\ tnu.K cJMiHtau{. L{^s dorniooH i^4sno^4 do voUo t*(u(lo montront (pus pour nMuntonir uii rrit^ro do 
(It'tootiotiH ooMHtant pon<lant Uiii? poriodo (J'olwopval tun do 4S nni. la variahio adaprat ivo (distanco 
(|ui w'paro nn coupio (Jo points pnrrtont<''H .-lirnultnnrnmnl ) <h>il otio ajusloo do inani("^ro a nuivro la 
(h'trri oral ion do la vl^^ilanoo liahituollomont docrito. La ill^fusHinn porio .sur los divrrscn .sira1ogio8 
iHlaptativo.s |io>4sihhw. 

Din Arboil i)oschruil>t nirxc Computor-^cstnuorU- ( ' horwachungsuurgubo, <lir u<lapti\' odor 
Hf^lbBtHtoiK'rrul (durch Vergicich niit oinoni fixiortm Xicht -Signal- iioiz) diu .Slar'k<* iU^s Sigmilnn/^os 
ati dio Kntdockimga-Hiiufigkoit 80 anpaant, {his,s dicno Utm.stant bloibi , Krgcbnisso zeigcn, 
dans zur Kinhaltung cinor fixiortrn iOntdockungHraio in 4S ^Hnuton Wach/oit, dio a<lapfcibo 
Vai'iabh* (TronnungHdiatanz oinos gloich/.citig [jrasontiortoti J^unUtopaarl^^i) sich in cinor Woiso 
vorhiolt. dio mit^ dcp iibliohon Orosso dcr Wachssandicitsabnahmu UboroinsLimmto. V^erschicdone 
Stratogion dor Aiipa.s.siing worden diHkiticrt, 
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